The impact of human activities on sensitive watershed terrains is a critical consideration in the management of urban ecosystems. Degradation of sensitive ecosystem features such as watershed land areas is often irreversible due to the extent and intensity. The vulnerability of 150 m watershed management zone of Otamiri river Owerri Imo State, Nigeria was studied by topographic analysis using 1977 digital elevation model (DEM), 1977 aerial photos, Shuttle Radar Topographic Mission DEM of 2000, 2012 satellite imagery and the 2016 Master Plan of the study area. The impact of human activities in elevation change was observed in the parts of substantial human activities while topographical stability was recorded for areas of very low human activities.
Introduction
Urban ecosystem is a dynamic complex ecosystem with physical, biological and social components that interact and behave as a functional unit in any environment. Like natural ecosystem, urban ecosystems are important because they provide services such as provisioning, regulating, supporting and cultural at various scales and forms. These services are easily recognized in any given watershed area. The services such as water supply, ground water recharge, natural flood control, biodiversity conservation and micro climate regulation make watershed an environmental "sensitive area" that demands close monitoring for sustainable use [1] .
The increasing population growth in urban ecosystem entails increase in demand for and consumption of biological and physical resources, thus causing escalating impacts on ecosystems and the services they provide. The problem posed by the growing demand for ecosystem services is compounded by the increasingly serious degradation in the capability of ecosystems to provide these services. Some of these impacts of these degradations may be irreversible as the case of biodiversity loss and soil degradation [2] . This ever-growing demands being placed on increasingly degraded ecosystems seriously diminishes the prospects for sustainable development.
Urban ecosystem management is important because of the increasing population growth and its attendant resource depletion and degradation [3] . The degradation of the ecosystem is critical if it is in the watershed land area.
The study area, Otamiri watershed is an urban watershed situated in a high density area, Owerri in Imo state, southeastern Nigeria. Imo state is one of the densely populated states in Nigeria; with Owerri having a high population density of 813.54 persons per square kilometer in the study area [4] . Otamiri River is significant because it serves as the only surface water for domestic and agricultural purposes. The watershed resources such as coarse red sands in form of laterites are used for construction purposes.
In seeking to protect the surface water in the state from ecological hazards, the 1995 Imo State Government watershed Management Regulation provides a clause that states that 150 m wide on both sides of the river bank, termed watershed management area should be protected and not encroached upon. Analysis on the changes in the pattern and distribution of land uses and land covers in the study area, showed that the designated 150 m wide watershed management zone is disturbed. Sand excavation and builtup land classes occupied 13.95% and 9.07% of the buffer zone. And 16.59% of the riparian vegetation that make up the buffer zone was converted to sand excavation site between 1977 and 2012 [5] . The high dynamicity index values of 25.78% and 11.51%, (in 2006) from sand excavation sites and builtup classes respectively have implications for changes in the topography of the protected zone [6] .
These inappropriate activities such as infrastructural developments, farming and sand excavation activities practiced within and around the protected watershed area, make the fragile ecosystem vulnerable to stream bank erosion, gully erosion sites at the downstream of the study area, siltation of Otamiri tributary and at the head source upstream. This paper attempts to measure changes in elevation due to human activities within the watershed management zone and along the water courses.
The Study Area
Owerri capital territory is located between latitudes 05˚25' and 05˚32' North and longitudes 06˚57' and 07˚07'. Rainfall is the greatest climatic variable with an- From the creation of Imo State, the philosophy of the development of modern Owerri is built on the principle of a twin city. The two water bodies that transverse the present day Owerri formed the boundaries of the Old Owerri city. Otamiri River, the major water body runs approximately East-West from its source at Egbu until its confluence with the Nwaorie stream, a tributary of Otamiri River. Nwaorie runs approximately North-South down to the confluence with Otamiri River. After the Confluence, Otamiri River continues southwards to Nekede. In those early days people inhabited Owerri North of Otamiri River and East of Nwaorie Stream. There was a natural safe distance between the settlements and the water bodies. However, with the creation of Imo State came a very fast expansion of the town and human activities along the riparian forest area on the sides where humans inhabited increased tremendously also. Figure 1 shows the Owerri Master Plan, comprising of the Old Owerri and the New Owerri Twin City.
Materials and Methods

Data Source and Acquisition Process
The study employed the datasets of 1977 topographical maps (created from the same 1977 aerial photogrammetry survey of Owerri). Shuttle Radar Topographic Model DEM, tile 38 -11 of the year 2000 series and Master plan of Owerri. The 1977 topographic maps were scanned and georeferenced to create a map mosaic of the project area. Contours and spot heights that were digitized were used to Table 1 presents the result of average measure in the change of elevation along the water courses at average interval of 1km. Sample points 1 to 9 depict values of elevation changes along the course of Nwaorie stream. While sample points 10 to 14 are the values of elevation changes along the eastern Otamiri River before the confluence. And sample points 15 to 20 are values of the elevation changes south of the confluence. Table 1 presents the result of average measure in the change of elevation along the water courses at average interval of 1 km. Sample points 1 to 9 depict values of elevation changes along the courses of Nwaorie stream while sample points 10 to 14 are the values of elevation changes along the eastern Otamiri River before the confluence. Sample points 15 to 20 are values of the elevation changes south of the confluence. Figure 3 is the elevation change map overlaid with the master plan of Owerri. The master plan of Owerri is dated 1977. It shows areas that were inhabitted by that year of its production, and also shows planned use of other parts of the capital city. It is observed that the areas within the sensitive water body banks that were inhabitted as at 1977 suffered worse washing away of the banks while such sensitive areas that remained unihabitted had their elevations unchanged over the period. Of course apart from the Nwaorie stream which parts of it are silting up possibly due to sand filling by government to build bridges, the other parts of the water bodies where they are silting up are the parts where the banks are washing away. These point to the harsh impact of anthropogenic activities within the sensitive watershed area.
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Elevation Changes in the Watershed Management Area
The analyses of the elevation changes as in Table 2 for Old Owerri and Table 3 for to reduction in elevation of the river banks by an average 4.454 m for east of Nworie and 4.108 m for North of Otamiri. The southern bank of Otamiri from its source to the confluence has been largely uninhabited and untampered. The water bank west of Nworie stream down to the confluence and further down south along the western bank of Otamiri river from the confluence going towards Nekede, a village close to the capital city fall in the New Owerri Capital Territory, an area largely uninhabited over the years. These water banks were observed not to have been eroded, in some cases recording average elevation change ranging from 0.000 m to 0.048 m indicating no change in elevation.
These average changes in elevation reported along the water courses and within the designated buffer zone have strong implications for the ecosystem and its resources. The ecosystem is vulnerable to severe decline in abundance of specie 
Conclusions and Recommendations
Conclusions
This study has effectively demonstrated the feasibility of the "Vulnerability Stu- activities on the sensitive parts of the watershed. Based on the above findings, the study concludes that the 150 m wide on both sides of the river banks designated as watershed management zone is threatened with degradation due to intensive human impacts. The loss in ecosystem services is loss of biodiversity and arable land, increase in impervious surfaces with its attendant overland flow, loss of properties and human settlements and increase in the treatment of the water for domestic and industrial needs.
Recommendations
Based on the findings it is recommended that these digital elevation change matrix method be employed in the scaled studies of the vulnerability of the sensitive watershed areas. These studies can actually lead to the determination of what volume of sand that has been washed away and through that ultimately the population of earth inhabiting faunas that have been washed away with the sand. A number of other impacts could be studied using this method. By the conclusion of these vulnerability studies, it is obvious that the Otamiri River and the attendant ecosystem are threatened and may silt up. Government is called upon for immediate intervention to stop further constructions within the 150 m protected area and to also reduce human activities that would impact the Otamiri watershed and ecosystem negatively.
